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PATENT 

Docket No. 20t83S/1020 (BN-39SI) 



IN THE UNITED STATES PATENT AND TRADEMARK OFFlCK 



Applicant ; Thomas M. Clete 
Serial No. : RCE of 09/724,158 
Cnfim.No. ; 7469 
Filed : November 2S, 2000 

For : METHOD FOR MAKING HIGH THERMAL 

DlFFUSIVrrY BORON NTfRIDB POWDERS 



KarJ Group 

Art Unit: 
1755 



DECLARATION OF THOMAS M. CLERE UNDER 37 C.RR. % 1432 

Commissi oner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
Box: 

Dear Sir: 

I, THOMAS M. CLERE, declare; 

1 , I received a Bachelor of Science in Chemical Engineering from Ckrkson 
College of Technology in 1976 and a Masters of Science in Chemical Engineering from 
Cleveland State University in 1 980, 

2, I am the Technical and Manufacturing Manager of the Saint-Gobain 
Advanced Ceramics Structural Ceramics Group, Boron Nitride. I am a member of the American 
Institute of Chemical Engineers and the Society of Plastic Engineers. I am a former member of 
the American Ceramic Society and the Electrochemical Society. 

3- I am the sole inventor of the above-idcntified patent application. 

4- It is Tny understanding that the U.S. Patent and Trademark Office has 
rejected claims 13-16 of my above-identified patent application as being anticipated by or for 
obviousness over U.S. Patent No. 5,898,009 to Shaffer et al C'Shaffer I"), U.S. Patent No. 
6,045.51 1 to Shaffer et al. ("Shaffer II*'), U.S. Patent No. 5,985,228 to ConiEan cl al. 



R73679B,I 
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("Corrigan*'), and U.S. Patent No. 5,854,155 to Kawasaki et al C^Kawasaki*'). I am subtnilting 
this declaration to describe the disclosuic of Shaffer 1^ Shaffer n, Corrigan, and Kawasaki and to 
show that treatment of boron nitride in accordance with the disclosure of Shaffer I, Shaffer II, 
CoTTigan, or Kawasaki will not achieve a boron nitride powder hAving a thermal diflusivity of 
&om about 0.15 cmVs to about 0,20 cmVs, as claimed in my present plication. 



Shaffer faudU 

5- Shaffer I and II, which have the same di^losure, relate to a method of 
foiming pellets or agglonieiates of high density boron nitride (BN) by crushing high purity 
hexagonal boron nitride (hBN) iuto BN particles extending over a size range of at least 100 
with a majority of the parfioles having a particle size above 50 \xm and cold pressing the crushed 
particles into a compacted form (see Abstract). The compacted foim is then granulated and 
again cold pressed to form pellets or agglomerates of BN particles, which can then be crushed 
into a powder (see Abstract). 

6. In particular, in Example 1 , Shaffer I and 11 teach that high purity BN was 
crushed to give a crushed powder having an oxygen content of 0.426 %, a surface area of 2*S I 
mVg, a tap density of 0,92 g/cc, and 0.09 % soluble borates (see Shaffer I at coL 4, lines 45-48 
and Table 11), The crushed powder had a particle size rangmg fix»m about 44 }im (-325 mesh) to 
greater than 420 jun (440 mesh) (Shaffer I, Table 11). These references then teach that the 
cruahcitd powder was compacted using a horizontal press at a pressure of 19,000 psi (Shaffer 1, 
coi. 4, lines 48-49). The compacted pieces wore then granulated by forcing the material through 
a screen with openings of approximately inch (Shaffer I, coL 4, lines 49-51), The granulated 
particles were again compacted at 1 9,000 psi giving a resuhant pn^duct with a density of 1 .91 
g/cc (Shaffer I, coU 4, lines 51-54), Thus, Shaffer I and II teach; (1) crushing high purity BN; (2) 
compaction of the crushed BN; (3) granulation of the compacted pieces; and (4) compaction of 
the granulated particles, 

7. Example 2 in Shaffer I and JI discloses a similar process as in Example 1 
for preparing a compacted BN product, however, the crushed starting powdei* in Example 2 had 
an oxygen content of 0.60 a surface area of 3,02 mVg, a tap density of 0,S9 g/cc, 0.14 % 
soluble borates, and a particle size ranging from 44 ^m (-325 mesh) to greater than 420 fim (+40 
mesh) (sec Shaffer I at coL 4, line 65 lo col. 5, line 4 and Table H). In addition, four additional 
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granulation/compaction steps as doscribed in Example 1 ^ere perfoimcd (Shaffer 1, ool. 5, lines 
4-5). The resultant compact d«Dtsity was 1 ,91 g^<w (Shaffer 1, col S> line 6). 

8, Exan^jle 3 m Shaffer I and II also discloses the same pxocess a5 in 
Example 1 for preparing a compacted BN product, however, the cnished starting powder in 
Example 3 had an oxygen content of 0.275 a surfece arc^ of 5.26 m%, a Up density of 0,85 
s/cc, 0.1 0 % soluble borates, and a particle size rangmg from 44 pm (-325 mesh) to greater than 
420 Mm (+40 mesh) (see Shaffer I at col. 5> lines 21 -32 ahd Table n). The resultant compact 
density w-as 1 ,89 g/cc (Shaffer I. col, 5, lines 3U32). 

9, Example 4 in Shaffer I and n discloses a similar process for preparing a 
compacted BN product, ho\v^ever, the crushed starting powder in Example 4 h^ad an oxygen 
content of 0.60 %, a surface area of 3.02 m% a tap density of 0.S9 gfcc» 0.14 soiubic borate, 
and a particle size rangmg from 44 fim (-325 mesh) to greater than 420 ^m (+40 mt&h) (sr^e 
Shaffer I at col 5, line 37 to col 6, line 13 and Table ID (this is the same starting powder as in 
Example 2), The cniahed powder was compacted at 1 9,000 pai using a uniaxial press, and was 
then formed into snmulcs of 1/16 inch and finer using a granulator (Shaffer I, coL 6, lines 2^5). 
The granules wcae once again compacted at 19,000 psi (Shaffer I, col 6, lines 5-6). The 
compacts were crushed using a sawtooth and roll crusher and screened through a 120 mesh 
screea), resulting in a powder having a t^ dwisity of 0.68 mVg (Shaffer I, col 6, lines 6-8). 

10- In order to determine the thermal diffiisivity of a product produced as 
described in Shaffer I and H, an experiment corresponding to Example 1 (i.e., including the four 
steps of Example 1) was conducted. In pajticular, BN was; (1) crushed and milled to -32S mesh 
with a roll mill to produce high purity hBN having an oxygen content of less than 1%, a surface 
area of 2 to 4 m^/g, a tap density of approximately 0-28 g/cc, a B2O3 content (soluble borate) of 
less than 0.1 %, and a particle size ranging from 44 ^un (-325 mesh) to grc^ater than 420 }im (+40 
n\6sh). Although the tap density of the crushed BN in this experiment was lower than that 
described in Example 1 of Shaffer I and 11, this modification would not result in a change in 
thermal diffusivity. In particular, thennal diflusivity is determined by the structure of the BN on 
the crystallite level. This structure is not affected by the tap density value. (2) The higli purity 
hexagonal boron nitride was then isopressed at 19,000 psi into a compacted form. Although 
Shaffer I and 11 describe the use of a horizontal press or uniaxial press to produce the compacted 
form, compaction via isoprcssing would not result in a change in thermal diffusivity. The only 
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difference would be that less alignment of particles would be achieved through the use of 
isopiessing. The thermal di^u^ivity of the compacted form was measured by la^er flash 
technique (uamg an Appollo Laser^ Model M22) and was fi?und to be 0,09 cmVsec, (3) The 
compaoted fotm was then cnished in a roll mill (Model 666 **F" Gran-U-Li^er, Modem Process 
Equipment, Chicago^ IL)^ Although Shaffer I and n describe granulatij^ the compacted form, 
the substitution of crushing in a roll mill will not impact the resulting tbenoial diflu&ivity, a? the 
structure of the BN on the crystallite level will not be changed by ritbcr granulating or crushing, 
(4) Fixially, the crushed particles were isopressed again at 19,000 psi into a compacted form. The 
ihcnnal diffusivity was measured by laser Bash technique (using an AppoUo Laser^ Model M22) 
and was found to be 0. 1 0 cm^/sec. 

1 1 , ExamplB 2 of Shaffer I and H relates to the use of addi tional cycles of 
granulation and con^acdon. Such additional cycW of crushing and compaction will not 
measurably change the thermal diffijsivity of the resulting compact, fiince crushing and 
compaction will not change Oie crystallite stmcture of the BN. Moreover, the modifications In 
oxygen content, surface ^a, tap density, percent of soluble borates, and percentages of particle 
sizes in within the range of 44 \im (-325 mesh) to greater than 420 pn (-H0 mesh) for the 
st^irting crushed BN used in Example 2, as compared to Example 1, would not measurably 
change the resulting thermal diffusivity value. In particular, these properties do not relate to the 
ciystallite structure of the BN and, therefore, would not change the thennal diffiisivity value 
obtained, 

12, With regard to Example 3 of Shaffer 1 and an identical process to that 
described in Example 1 wa$ used with a starting high piuity BN having modifications in oxygen 
content, sur&ce area, tap density, percent of $oluble borates, and percentages of particle sizes in 
within the range of 44 \xm (-325 mesh) to greater than 420 pm (-M0 mesh). As described above, 
such modifications in these properties would not measurably change the resulting thermal 
diffusivity value. 

13, finally, with regard to Example 4 of Shaffer I and II, a similar process to 
that described in Example 1 was used, however, a uniaxial press was used (as opposed to a 
horizontal press)^ granules of 1/16 inch and finer were produced using a granulator (as opposed 
to the use of a screen with Vi inch openings), and an additional crushing step was performed after 
the second compaction. The use of a different type of press, the production of finer granules, and 
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an additional cnxshing step would not impact the resulting thermal diffiisivity, as these processes 
would not irfq>act the structure of the boion nitride on the crystallite level. Moreover, ihe starting 
high purity BN used in Example 4 is i dantical to that used in Example 2, and as described in 
paragr^h 1 1 , would not measurably change the resulting thermal difiusi vity value, 

14, Accordingly, using the methods described in Shaffer I and II, a thermal 
diffusivity of 0,10 cmVs wa$ obtained (see paragraph 10). This is below the value claimed in my 
present application. In contrast to the disclosure of Shaffer I and n, when applying the very 
dissimilar methodology described in my present application sintering after The first 
isoprossing) to the same starting powder described in paragraph 10, a product having a measured 
thermal diffusivity of 0.1 8 cmVs was produced. 



Corrigan 

1 5 , Coin gan relates to a method for converting hBN particulates into cubic 
BN (cBN) particles or agglomerates (see Abstract). This refi&r^ce discloses that the stwting 
hBN powder cart be compressed into a billet form and granulated to give particles of a size larger 
than those commeroiaHy available (coL 3, lines 4-6). In addition, Corrigan discloses that the 
hBN source powder may be dcnsified or pre-pressed into an agglomerated mass or billet at low 
temperatarc$, and the mass or billet is then granulated into agglomerated particles of a desired 
size (coL 2, lines 48-5 1), Corrigan also discloses that the hBN particles may be vacuum heated 
and firtfd, prior to compression and granulation^ to remove volatile impurities (col, 3, lines 18- 
22). In the Examples, the hBN powder is described as "fine- sized HBN powder , - . vacuum 
fired in the boron nitride thcmal decomposition range . . .to obtain a source powder (col. 6, lines 
11-14). 

1 No further information regarding the starting hBN material in Corrigan is 
provided. Accordingly, it is not possible to duplicate the disclosure in Corrigan to determine a 
thennal diffiisivity value of the hBN material disclosed. Howtverp as shown above with regard 
to the disclosure in Shaffer I and II, boron nitride powders will not necessarily have a thermal 
diffusivity of fiom about 0,15 cmVs to about 0.20 cmVs as claimed in my present application and 
sintering of a compacted body is required to obtain such a thermal difTusivity value. Sintering of 
a compacted body of hBN powder is not disclosed in Corrigan* 



PAGE 24136 * RCVD AT 2/1 1/2004 4:46:29 PM [Eastern Standard Time] ' SVR;USPTOff XRF-1/25 ' DM 



FEB- 11-04 WED 05:04 Ptl 



FAX NO. 



P. 




Kawasaki 

17- Kaw3saki relates to melamine borate particles, hBN particles and an hBN 
powder produc«:sd usitug the melaminc borate particles, a resin or rubber composite containing the 
hBN powder, an hBN sintered body, and methods of making the above products (col 1, lines 4- 
14). This refercuce discloses formation of an hBN powder by mixing raelamine borate paiticlcs, 
or a xnixtuxe containinfi them, and a crystallization catalyst and firing the mixtiire in a non- 
ondizing gas atmosphere ai from 1700 "C to 2200 *C (col. 7, lines 53-56 and coL 8, lines 2^-32; 
Examples I aiid 3). Kawasaki also di&closes a method tor producing hBN powder by calcining 
nrielamine borate particles, or a mixtnro containing them, to foim amorphous BN or hBN, adding 
a crystallization catalyst, and firing the resulting mixture (col- 8, lines 32-39; Examples 2, 4» and 
5), Tnis reference Airtixer di^dngtdshesiiic ii^ 

invention of Kawasaki from conventional hBNparticIes^ such as non-aggregated scaly particles, 
hBN blocks wherein crystals are undeveloped, granulated particles, or particles obtained by 
pulverizing an hBN sintered body (col. 5, line 27 to ool. 6, line 3). 

1 S. For comparison to the Kawasaki patent, the thermal difiusivity of a 
melaminc and boric acid derived BN powder was investigated. Melamiae (46 kg) and boric acid 
(54 kg) were dry mixed and compacted into briquettes. These briquettes were heated in an ' 
inconsl tube fUmace to 950 *C under a nitrogen atmosphere to form amoiphous BN (see 
Bxamplcs 2, 4, and 5 of Kawasaki). Thh amoiphons BN was then heated to 2000 in an 
induction furnace imder a nitrogen atmosphere to form hBN» The thermal dtfRisiyity was 
measured by laser flash technique (using an Appollo Laser, Model M22) and was found to be 
0,39 cmVs, This high thermal diffiisivity can be attributed to the high degree of agglomeration 
and cxystallinity foimod dtiring processing of the powder above 950 **C. 

19. A similar thermal diffiisivity value (i,e,, greater than 0.20 crnVs) will be 
obtained using the analogous method described in Kawasaki. In particular, the material 
produced by the teachings of Kawasaki, in tenns of thermal dififusivity, will not differ from the 
material produced using melaminc and boric acid as describesd in paragraph 18, because the 
crystallinity of the BN produced in both cases will be similar. More specificaUy, in Kawasaki 
melamine diborate is formed and fired at temperatures of 1700-2100 *C (Examples 1-5, col. 11, 
line 56 to coL 13, line 34 and Tables 2-6). In Examples 2, 4^ and 5 of Kawasaki, the molamine 
diborate mixture is calcined at 800 *C or 1600 *C to fonn amorphous boron nitride prior to 
healing to form hBN- Thus, a different feed mat rial is used in Kawasaki than in the experimeni 



PAGE25I36*RCVDAT2I11I20()44:46:29PM [Eastern StandardTime]«SVR;USPTO€FXRF-1/25*DNIS:273 



FEB- 11-04 WED 05:05 PM 



. 17M8 ' S«,C. BORON NITRIDE 7lS S91 2090 

we conducted as described in paragr^h 1 8. However, the crystal structure of hBN formed at 
high temperature (above 1600 °C) is independent of the feed mat^^xials. This is illustrated by a 
comparison of x-ray difftacUon patterns for the material produced as described in paragraph 18 
(Exhibits A and B) and the x-ray diffraction patterns for a mflterial produced u$ing melainine 
diboratc as a starting material (Exhibit C). In particular, Exhibit A shows the x-ray diffiaction 
pattern for the starting material used in the experiment described in paragraph 18. This 
cOTTCsponds to Figure 1(a) of Sato ct al., 'TMicrostmctural DevelCpment with Crystalli^tion of 
Hexagonal Boron Nitride/' J. Material Sci. Letters . 16(10):795^798 (1997) ("Sato'O attached as 
Exhibit C, which relates to a starting BM material produced from melamine diborate. The two 
' ray diffraction patterns (Exhibit A and Figure 1(a)) show the same two broad peaks. Exhibit B 
shows the x-ray diffraction pattern for the resulting hBN produced in the expcrime&t described in 
paragraph 18, This con^sponds to Figure 1(e) of Sato attached as Exhibit C, which relates to a 
resulting hBN pixjduct using melamiiie diborate as a starting material and heating at 2000 *C- 
The two x-ray diffraction patterns (Exhibit B and Figure 1 (e)) again show the presence of the 
same peaks. Thus, the crystal structure of the two products is the same^ although the starting 
materials and reaction conditions are diffisrent. More specifically, the materials are identical, 
chemically and stnioturally at the atomic level, duo to their treatment at high temperature (above 
1 600 °C), The same ia true of the hBN produced by the method described in Kawasaki as 
compared to the hBN produced a$ described in paragraph IS - both products are produced by 
treatment at high temperature (above 1600 "C). Therefore, properties of the hBN ptioduced in 
Kawasaki and the hBN produced in the experiment described in paragraph 1 8, such as 
crystallinity, thermal diffu^ivity, and electrical conductivity, will be the same. Moreover, the 
addition of the crystalhzation catalysts disclosed in Kawasaki merely impacts tba rate of reaction 
and would not alter the crystal structure, and, therefore, the thermal diffusivity, of the resulting 
product. 

20. Accordingly» hBN with a thermal diffiisivity value greater than 0,20 cmVs 
will be produced according to the methods of Kawasaki. 

2L I hereby declare that all statements made herem of my own knowledge arc 
tiiie and that all statements made ot^ information and belief are believed to be true; and further 
that thesQ statements were made with the knowledge that willful false statements and the like so 
made are punishable by fme or imprisoimient, or both, under section 1001 of Title 18 of the 
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United States Code, and fliat such willful felse statements may je«>pardi2e the validity of the 
application or any patent issuing thereon. 



Date: i^-l>ec^C)j 



Thomas Mt Gert 



PAGE 27136*RCVDAT2/11/20(l44:46:29PMpstern standard Time]*SVR:USPT0€FXRF-1^ 



FEB- 11-04 WED 05:06 PH 



FAX NO. 



P. 28 




FEB-1 1-04 WED 05:06 PH FAX NO. P. 29 




PAGE 29/36 * RCVD AT 2/1 1/2004 4:46:29 PM [Eastern Standard Time] * SVR:USPTO-EF](RF-1/25 * DNIS:2731368 * CSID: * DURATION (mm-ss):27-08 



FEB- 11-04 WED 05:08 PM 



FAX NO. 



P. 30 



5? 

CD 



PAGE 30136 * RCVD AT 2/1 1/2004 4:46:29 PM [Eastern Standart 



FEB- 11-04 WED 05:08 PM 



FAX NO. 



P. 31 




PAGE31136*R(M}AT2/11/20044:46:29PM [Eastern Standard Time]'SVR:USPTO{FXRF-^^^ 



FEB- n -04 WED 05:09 PH 



FAX NO. 



P. 




FEB- 11-04 WED 05:09 PN 



FAX NO. 



P. 33 



:"4 
'.I' 



iciii 
(S, 



DEC-15-2CJ03' 13: 13 SGftCV BORON NITRIDE 



716 691 2090 P, 03/09 



Microstructural devel pment with crystallization of hexaflonal boron 
nitride 

raUYOSHI HAGIO, KA2UHIR0 NONAKA ^, _ .., 



Hexagonal bortn itUridc cutt be synthesized by a 
rcnciion bct^vc*n a cornpoiind cgn wining bOron and 
one codtaming nitrogen, and niimcroitt productidn 
Tucthods combinins the^e )»v« been reported in ihe 
litcrtrurc [l-b]. A lurtosiraiic sirucwrc of bqrpn 
nitridL" has brtfl prodwwd at n la\y tumperamr* l>om 
p fuycd urcd -boric ;icid inicnmidtaic and nmmonia 
[2], Thi lefrn -lyrlMstraiic'" u^ed to dcy:ril>e an 
iit^pcTllfCi siniclure with iio threc-iiimcndioiwl orU^jr. 
t( is niinerally acccpicd ilwi the lurbOMrnric simciure 
is triinifgraied mo on ordered hcxasonal 
licai \n?ttimetti at ii tvmpcraiuTe above 1500 C 
12,7. S]. analogous lo ihe carbon griiphititwion 
proc?a4. The coixiiterttfi of bone oxide also influ- 
ences \ht rate and extent of flj^jesjjbrnwiian. On 
lUt oihftr l«A<L turbosiratic boron nlirid* ct^n be «1m 
produced bv thermal dccdtnpofiiiion of ittcJainJnc 
dibomic t^/lO), but \u strueiui^ iranafornwtioft at ^ 
elevated tempenHurcs has not been ehrifled in dw^- 
The prcjtni Icner ropora details of the jtnictural 
irans formation wilh heai treatments of mFtostraiie 
borort nitride prtp^red from m«Iatnin« diborate. and 
especially the mode of fonnation of «he tfraini of 
boron niirid* on the micro-seaie, 

TurhQ«ra<ic siarxing maicriai U5cd In this study 
wa* produeed by rhcnnal decomposition Of mela- 
mine dibor^i" »" flowing niirogen at WO^C. in 
occordonce with *hc method described in tlOl it 
composed of whh^ powdcre with a columnar ^hape. 
in contrasi lo the dndcr-liks strticmre obtained by 
Che urrn-boric add route (2}, and it containtfd about 
21 wt*A of oxyfecn as an impnriiy. The powder 
specimens wcrt chwsed into carbon comainert lined 
with BN- and were heated raptdly by induction 
healing and held at a dtfiirtd tcmptralure of 1000- 
2OO0*C tof IQtnin in flowing^^r ggyi. All nf the 
spflcimen* ihtis oMa<nod"W9nrwt8firpowder&. 

Crystalloara^ic nieaaurcmcnts were carried om 
ujiins an X-ray diffractomeier (XRD) RU-2000PL 
(Rigaku Dcnki) usiti^ a araphiie monochromcwr. 
gnd the dywz^ spac^g t^nd crystallite siw ^iaoi» of 
ON wert ealcul^wd fh)m die positiotis and broad- 
ening of (he (002) line [2.6). Infrared (TR) specrra 
were measured by the KGr lablet method with an IR- 
800 spccaomctcr <Japan speclnsficopic). The oxygen 
impurity conttttx was measured by Kcsicn cxitaciion 
with n (LECO) analy^, and iho sp«cific 

surface area wm nwa^urcd by tho ^runaver^Emnrtit- 



ToUirf ruET) three poim* mcihod uiing AUTO- 
SORB-I (lonicj). MorpltolOfilcal iStudicB were 
ried out usinff scanning deeiron imcroieopy (SEM) 
with ?n ALPHA-iO f AUsi Beam Technology), 

Fig. \ pT«bwi3 typical XRD patterns of *e 
wimpics obtained' at diftercm tcmpcianires. The 
starting material showC<i a tyrbosimtic struwe, 
havinif two broad peaks corffsponding to '00*> ™ 
(iO) rencctic.n of SN ;v^r 25-6* osul rifi^tr 42.1. 
rcspcciivclv. A) 1000 ihe fonnation ol BiO) took 
place, and this phase rciramed up to ' W*C bi-t 
dijwppcared domplecely by vaporization at ZOOT C 
McMunsmems of the ifalvanic curve indioaied that 
th« wroriOT^'W of iho BjOi SiartWl around I700X* 
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siiuccsis ilmi «li«<wi all ul" Hic wyijcn prrecnt m ihe 
siartmc i«wcriaU form 13:0, a«J U «iponw« 
ckvjied wmporaiures. U was conlirmcd rhat ific 
D^Oj pliusfl I'ormeJ \*ai removed by l«iching with 
m'.:ihanol. consttiucinly, ihc sail^nles aHfr ihc ireai- 

v'XjicrimeiiW' , . 

Fie. 2a prcSLMiis ihi; asyjjin conicni in ihc iiiinpici 
ohurTiccI at Uin'giem u:mpi;ralur«s. XRD s'w'w 
ii^dicatsd iha[ ihO samples artcr WMitnents 
m«hanOl exilibiicd only ihe BN ptoe. while ihcy 
conuined an appreciable amoimc of oxygen ( rMidwl 
oxvgen*. Thi: raw maierial coniained about 27 wi 
or'w^vafciv and only aboul half of which was iS 
B>0; at 1000 "C. Tlje rcsidwal O'^yS':",'^,^'^"";! 
with increasing Wmpenrturc up lo 1600 C. wnere 
nart Ol" ihc dccriKise may be siso in iho lirm o 
B>0,. vVIko l,«o..ircaied above 1700 'C. «he residunl 
oxygen conicm became less (l»n 1 Fig 2b 
presents ihe specific surface area of the «tiiplM as a 

obtaiocd ai 1000 ha4 a hiuh SurJac* area oi 
■•SOmVg* companjii (9 7m'/a for ihc swninB one- 
The maistiiiudc (he surtacc area reducea wuh a 
furihcf increaae of icmpcra(uro. bui above 1600 ^ 
its valii6 appeared to $a»uruic ui abou< 10m-/U. A 
TOod iiTicar rcbtion^hip was aUo found between ihe 
f^wsniiwd^^ of ihc sorfece area «nd ihe reiidual 
oxygen conlent in ili<r*lFiipl«5£- c:icepl for ihc 

siortin^ on?. . . , r t»M 

Fig. :J *hows Ihe cn'siallagmphic changes of BN 
wiih incrcaainj ir^r:tinK^nr icmpcr^iurt. The siartin^ 
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materials with itirbosirtuc $uuciurcs cxhibiiCfd an 
clongared rftoo>> f crysiaJlite $izt U-^wi)* 

and The heat trcaTntcais promo<e4 ihe ordering of iht 
UN structure. A srgnifiemi change in the X-ray 
□ar^inictera was observed al >vhic|i temperature the 
rormaiioTj of B.Oj took f.zcc. With a fuithtr 
i(v;reasft in leroperjitiircs. the <rfiugii spacing decreased 
grtdually- ^JVJi 1 700-0 i« vs^lue appftarcd w 

saoiKte »t the siaftdard 0.333 nrn [H]. The heal 
ireaiments :dso caused aft increase in cryaialliw^sizes 
IvimH). especially at tempewturta above 1600 C, A 
similar behaviour also observed for the j-axts 
pjimmeters. where ai \700X iW UO) reflcrtiort 
showed a icndency to split imo reficch'ons of (100) 
and {Wh iiidicaunf an increase in the degn;*: of 
ihree-dimensional ordering. On the oiher hand, ihc 
storting nwseriais e.NhiUiicd mainly two broad IK 
ahsofptions near 1400 cnr' ond 800 cm"' due to 
BN vibrations [12. 13]. The speetrt did not undErgo 
significant changes with rncreasimg lempemiurc. 
while the absorption peaks appeared fo becoine 
sh^rp, and above lfiOO*C the maxirnum posttion 
^sWfte'd to (350 cm- ^ and that of the latter to 
820 cm"', whicif nuay be caused hy retiwval of the 
min of Ihe crystal lattice [131- The crystalliwiion 
behaviour observed appeared lo be similar to that for 
the tuihostratic boron fiitride from the urea-boric 

acid system [2, 8]. ^ u i 

Fig- 4 5how5 the SEM microgniphs of wc sample* 
obtained at ^eral tcrnperaturt^s. The Starting 
material consined of colTimnar particles 30 mm in 
. length and 2 mm in width (Fig. 4a). No siEmficaw 
change m the microsinicture was observed up to 
ISOO'C, while an indistinct isUnd pattern was 
observed on the surface of the columns. This pslicrn 
may be procfuccd tjy the forrmnion of DjO* w>d 
subsetiuem removal v/iih methanol. At 1600T a 
dnistic change in the microwfucturc was observed, m 
which large amounts of fine BN gT^ins, -0-1 mm m 
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JiamiJkcJ'SroV^'^^i IP'S- ^^"^ 
•ifow wiih incri:asi»v (rca\mcnt tcmpcratun?. An 
cxagiicratqd £irain §rowtli look pbce ai lempcniiures 
above 1900 T. in whT«5h ih« sphCrt«iJ form changed 
imp a pinic-likc ortiJ wiih di3m<:wr of ofdei of 
one micron iFiii. This rviult by SEM (ibiervj- 
?ions «»ppears to i:onsistcnl wilU that from XRD 
and BET measurpracms. To clarify th« etVecis of 
B^Ojt on ihc grov^'th of ibe ftW ^jroins. (he i<»0O C 
specimen, wfttr ucalmcni with mcihanoL was 
rc\ieatccl at 2000 T and csamin^O by SEM. The 
rusalt is shown in Fiji. indicting fhe removal 
B-'Oj depressed the growth prteew on heat 
treamictiu la udtlition. ihe ctystalliic ^^fHJ2» 
the resultant samples was 17 nm and ihe $pccihc 
giirface W5is 40m-/i?s which ore ulfngsi the 
same us fof ihc sampie bcforti rtheaiing. Tl^i* 
indicaicd that the boron osidcs formed at lew 
rcmperatwes pl*y an imporrttm rote in rhc ciyswl- 
lIzatioA Of fitain &mih or BN. rtpontd by oUtcr 
invraij^aiors (5» 15]. 

cortsidertd to be a B-N-O im^nnediaic product, 
/itBAt^^OaH) as empirical farniula. comoinmti a BN 
skcleion [10]. TIk iurbo&;raiK sinKiurc uansfomts 
to a panially ordcrcU atmciurt with heat trcaunetit 
ond ih<5 vaJue qf the </,()ii2, spacing of BN approaches 
0.333 nm at 1600=0. Thi* iuggcsts that BN 
cluiteTS present in, tlte,.fcfibO iniw.frtfinte are 
cumbiticd lo form a spSWi^SSW panicle, a$ &h«\'n 
in Fig. 4c, 'and thi* 5i«p may be considered the 
nudcation and/or nuclear growth of BN- At 
Tcmpcnnurc$ above 1700*C the parti;tfly ^rdcrcd 
sinictun? funhcr iransforms 10 a wtll^rystallizBd one 
vcith three-dinncnsicnal ordering, and h accompanied 



^ 716 631 2090 P, 06/08 
hv uruinllNMh of panitlcs, as sho>vp in V^ AC. 
The present \%t>A dcnwn^trates the niorpholOBfcal 
diangcs mvolvifig nuclear and ftroin snwkh with the 
crvsralli^iion of turbojiiratic boron nit"dc. 
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